Background: Cardiac arrest is a common presentation to intensive care units. There is evidence that management protocols between hospitals differ and that this variation is mirrored in patient outcomes between institutions, with standardised treatment protocols improving outcomes within individual units. It has been postulated that regionalisation of services may improve outcomes as has been shown in trauma, burns and stroke patients, however a national protocol has not been a focus for research. The objective of our study was to ascertain current management strategies for comatose post cardiac arrest survivors in intensive care in the United Kingdom. Method: A telephone survey was carried out to establish the management of comatose post cardiac arrest survivors in UK intensive care units. All 235 UK intensive care units were contacted and 208 responses (89%) were received. Results: A treatment protocol is used in 172 units (82.7%). Emergency cardiology services were available 24 hours a day, 7 days a week in 54 (26%) hospitals; most units (123, 55.8%) transfer patients out for urgent coronary angiography. A ventilator care bundle is used in 197 units (94.7%) and 189 units (90.9%) have a policy for temperature management. Target temperature, duration and method of temperature control and rate of rewarming differ between units. Access to neurophysiology investigations was poor with 91 units (43.8%) reporting no availability. Conclusions: Our results show that treatments available vary considerably between different UK institutions with only 28 units (13.5%) able to offer all aspects of care. This suggests the need for 'cardiac arrest care bundles' and regional centres to ensure cardiac arrests survivors have access to appropriate care.
Background
Out-of-hospital cardiac arrest is common in the United Kingdom (UK) with an incidence of 123 cases per 100,000 population per annum; 1 emergency medical services (EMS) personnel attempt resuscitation in approximately 30,000 patients a year. The incidence of in-hospital cardiac arrest treated by a resuscitation team is 1.6 per 1000 hospital admissions. 2 In the period 1995 to 2005, mechanically ventilated survivors of cardiac arrest accounted for 5.8% of admissions to UK Intensive care units (ICUs). 3 There is evidence that high-quality post-resuscitation care improves the likelihood of survival with good functional outcome; 3 however, protocols and patient numbers differ between hospitals and this variation is mirrored in patient outcomes between institutions. 4, 5 The introduction of standardised treatment protocols improves outcomes within individual units 6 and it is postulated that regionalisation of services may also improve outcomes as has been shown in trauma, burns and stroke patients; 7 however, a national protocol has not been a focus for research.
The objective of our study was to ascertain current management strategies for comatose post-cardiac arrest survivors in intensive care in the United Kingdom.
Methods
All UK ICUs with entries in the 2008 UK Directory of Critical Care 8 were contacted by telephone between October 2013 and March 2014. The consultant in charge of the unit that day was asked questions using a standardised questionnaire (online appendix). If the consultant in charge of the unit was unavailable after a repeat phone call the senior nurse or another member of the medical team (registrar or staff grade) was interviewed. Data were collated, anonymised and analysed using a Microsoft EXCEL spreadsheet (Microsoft Corporation, Reading, UK). Ethical committee approval was not required for the study.
Results
All 235 UK ICUs were contacted and 208 responses (89%) were received. All these units admitted comatose survivors of in-or out-of-hospital cardiac arrest. Most units (172 units, 82.7%) follow a protocol for the management of these patients.
Access to emergency cardiology services varied ( Figure 1 ), with percutaneous coronary interventions (PCIs) available 24 hours a day, 7 days a week in only 54 (26%) hospitals. A further 6.7% (16 hospitals) had PCI available during working hours Monday to Friday, whereas most hospitals (123, 55.8%) transferred patients to other units for urgent PCI. Four (1.9%) hospitals had another arrangement to access PCI and 11 (5.3%) hospitals reported no access to PCI.
Nearly all units use a ventilator care bundle (197 units (94.7%)) and control blood sugar (204 units (98.1%)) with 202 units (97.1%) aiming for blood sugar <10 mmol l À1 .
There is a policy for temperature management in 189 units (90.9%) for those who are comatose and require ventilatory support ( Table 1) . Temperature management is case-by-case depending on consultant preference in 12 (5.8%) units, and 7 units (3.4%) do not have a specific cooling policy. The target temperature varies between units with 24 units (11.5%) aiming for normothermia (36-37 C), 16 units (7.7%) aiming for 35 C, 159 units (76.9%) aiming for 32-34 C and only 1 unit (0.5%) aiming for less than 32 C. Cooling duration was generally 24 hours (159 units (76.9%)) but ranged from 12 hours (7 units (3.4%)) to 72 hours (3 units, (1.4%)). The method of cooling initiation and maintenance of target temperature was dependent on equipment availability and geographical location ( Figure 2 ). A surface-cooling device was the commonest modality for both initiation (67 units (32.2%)) and maintenance (94 units (45.2%)). Forced air blankets were also frequently used (26 units (24%) for initiation and 33 units (15.9%) for maintenance). Ice was used more commonly for maintenance of 8%) ). The fastest active rewarming rate reported was 2 C h À1 (two units (1.0%)) and slowest 0.25 C h À1 (13 units (6.3%)). A seizure protocol was followed in 28 units (13.5%) and 31 units (14.9%) stated that they followed a protocol for the withdrawal of treatment in post-cardiac arrest patients. The use and availability of electroencephalography (EEG) and somatosensory-evoked potentials (SSEPs) varied considerably (Figure 3 
Discussion
Our survey has shown that the management of postcardiac syndrome varies considerably between different UK institutions, with only 28 units (13.5%) able to offer all aspects of care.
Our results are consistent with other studies showing that treatment varies considerably between different institutions. 5, [9] [10] [11] A recent study from Copenhagen documented better risk-adjusted outcomes among non-ST elevation myocardial infarction survivors of out-of-hospital cardiac arrest who were transferred directly to one of two tertiary heart centres. 12 Other studies have found hospital factors such as size, volume of post-cardiac arrest survivors, teaching hospital status and resources 5, 13, 14 to be linked to patient outcome particularly in patients with intermediate severity illness as measured by Simplified Acute Physiologic (SAPS II) scores. 4 The results of these studies have been contradictory however and it is still uncertain which specific hospital characteristics are associated with increased survival amongst cardiac arrest survivors. 15 There has been discussion about implementing cardiac arrest care bundles 16, 17 and regionalising post-cardiac arrest care with the creation of cardiac arrest centres. These would emulate the regionalisation of trauma 18, 19 and stroke care, 20 which has already been shown to improve outcomes from these conditions. 6, [21] [22] [23] [24] Improving post-cardiac arrest care will contribute to reducing premature mortality from cardiovascular disease in the UK. 25 Cardiac arrest secondary to myocardial infarction is common. Current UK guidance from the National Institute of Health and Care Excellence (NICE) recommends that post-cardiac arrest patients (including those that are comatose and ventilated) with ST-elevation myocardial infarction (STEMI) have early coronary angiography and, when appropriate, primary PCI. 26 Our survey shows that many UK hospitals cannot achieve this because they lack 24/7 PCI facilities requiring secondary transfer of patients to other institutions introducing delays to this time-critical treatment. This supports regionalisation of post-cardiac arrest care to those centres that offer the key components of post-cardiac arrest care including primary PCI with initial transport redirected to these centres by the ambulance service.
Nearly all ICUs used some form of temperature management and this has been described in a previous survey of UK ICUs. 27 During the conduct of our survey, the Targeted Temperature Management (TTM) trial was published, and showed no difference in outcome when using a target temperature of 33 C or 36 C. 28 This would explain why some units in our survey were targeting a temperature of 36 C.
Close neurological monitoring with specialised investigations such as EEG and SSEPs can help guide prognostication and inform decisions on withdrawal of life-sustaining treatment (WLST). Recent guidelines on prognostication after out-of-hospital cardiac arrest emphasise the importance of using multiple techniques to prognosticate and in particular highlights the potential value of SSEPs and EEG. 29 That only 4.3% of our respondents stated that they used SSEPs for prognostication is a concern.
A strength of our study is that we were able to achieve an 89% response rate and used a standardised questionnaire for the survey. A potential weakness of our study is that the consultant in charge of the ICU may have described their personal practice rather than the policy of the ICU as a whole, and individual responders may not have had detailed knowledge of the availability of ancillary services such as PCI and neurophysiology investigations. The publication of the TTM trial 28 in 2013 during the time our survey was conducted and the subsequent publication of the Guidelines on Provision of Intensive Care Services in 2015 30 may mean that the core temperature for targeted temperature management has changed and that uptake of neurophysiology investigations for prognostication has increased since our survey was completed.
We did not ask each unit for an estimate of how many post-cardiac arrest patients were admitted each year or what proportion of these were in-or out-ofhospital cardiac arrest survivors. There is likely to be a considerable variation in this number, and there has already been some regionalisation of care in some parts of the UK. 31 
Conclusion
Although we have not documented the treatments patients actually receive, we have shown that the availability of key components of post-cardiac arrest care varies significantly in the UK and that only a minority of units have access to the full range of care cardiac arrest survivors might need. This suggests the need for 'cardiac arrest care bundles' and regional centres to ensure cardiac arrests survivors have access to appropriate care. Prospective randomised trials are unlikely to be feasible and we will probably have to rely on high-quality observational studies to assess the impact of 'cardiac arrest care bundles' and regionalisation of care.
